Abstract-The heating, ventilation and Air conditioning (HVAC) system in Pakistan consumes more than 50% of total energy utilized by the building sector. Due to current energy crises in Pakistan there is a need renewed focus on energy optimization in building sector. The aim of this research paper is to reduce building HVAC system energy consumption by implementing chiller plant management system to control on electrical energy consumption in existing primary HVAC system (Chillers, Pumps, Boilers and Cooling towers). The Johnsons control international building automation protocol has been implemented with weather load profile of Pakistan (Islamabad). The chiller plant management system has improved plant performance and decreased annual energy consumption. The results of implemented modern chiller plant management system shows at least 12.57% of energy saving. It is also observed that the chiller plant management system closely follow outdoor dynamic weather profile and indoor load profile.
INTRODUCTION
The chiller plant management system (CPM) is the automatic control, operation and monitoring of chillers, pumps, cooling tower and air handling unit etc. It not only automate the primary HVAC system but also enhance indoor human comport level and increase system efficiency, reduced maintenance and operational cost. The chiller plant management eliminates unnecessary operation of system it only operates those HVAC system equipments which are needed as per internal/external dynamic heating/cooling load. Therefore, reducing unnecessary operation increase building HVAC system energy efficiency and better control over all the system [1] . According to (ASHRAE) studies the chiller plant management system or building management system (BMS) reduces energy consumption up to 20% compare to building without building HVAC automation system [2] . Therefore, the implementation of building management system not only automate various building services but also increase sustainability, efficient operation of building systems, improved human comfort level in conditioned space, reduced energy consumption and operational costs and improved equipment expected life [3] . In past decades, various control strategies has been developed to ensure this [4] . In current research work, our focus is to optimize the energy consumption of a chiller plant for a portion of a centralized HVAC system taken (Chiller plant consist of chillers, boilers, Pumps and cooling tower) by implementing chiller plant management system considering the weather profile of Islamabad.
II. THE HVAC SYSTEM MODEL DESCRIPTION
The capacity of plant is 6000TR located in Islamabad region serve main passenger terminal building. The package chiller and boiler Plant include the following major equipments. The return chilled water from the air handling units at main terminal building is pumped by constant speed primary chilled water pumps to centrifugal chillers and cooled to the designed chilled water temperature. Heat is rejected by the condenser water which is pumped by the condenser water pumps through the cooling towers. The supply chilled water is pumped to the passenger terminal building by variable speed secondary chilled water pumps via two secondary loop distribution-piping networks that is connected to constant speed primary chilled water loop across the de-coupler. Each chiller is equipped with a microprocessor control panel. The CPM is communicate with the chiller panels through a hardwire connection using software interface (Johnson Control). Other equipment such as pumps, cooling towers etc is the hardwire connected with the CPM for monitoring and control.
III. CONTROL PHILOSOPHY
The chiller plant is controlled as per the total cooling load requirement as evidenced by the change in return chilled water temperature. The total cooling load requirement is calculated based on the feedback from the supply chilled water header flow transmitter and the temperature differential between the supply and return primary chilled water heaters. Chillers is added or subtracted based on the feedback received from the bypass de-coupler flow transmitter and its flow direction & secondary temperature below the set-point. Chillers are being added based on the supply chilled water temperature feedback received from the secondary chilled water header once the setpoint exceeds. The individual chillers are loaded / unloaded by the local chiller microprocessor panel based on the chiller leaving chilled water temperature set point. Similarly, whenever a chiller is started, cooling tower (CT) fan variable frequency drives (VFD) is enable and getting started. The temperature of cooling tower supply water to condenser is controlled at minimum limit of 33°C for stable operation of the chiller. This is accomplished by measuring the temperature of the cooling tower water returning to condenser and using this as input to a feedback-control algorithm The VFD also ramp up/down the fan speed of CT cells as per feedback command receive from condenser water supply temperature sensor. The CPM minimizes the potential for multiple boilers operating at reduced loads, thereby reducing boiler efficiency. It will also improve plant reliability, increase equipment life expectancy and reduce maintenance costs.
IV. CHILLER PLANT MANAGEMENT SYSTEM MODEL
The chiller plant management (CPM) is designed and implemented to minimize the combined electrical energy consumption of the operating chiller(s), chilled and condenser water pump(s), and cooling tower fan(s) as constrained by meeting the building chilled water load and temperature requirements. The CPM also minimize the potential for multiple chillers operating at reduced loads, thereby reducing any peak demand charges caused by unnecessary cycling. It also improves plant reliability, increase equipment life expectancy and reduce maintenance costs. The schematic diagram of implemented building management system sensors and control wiring between the chiller plant components is shown in figure 3 figure 8 . Real time data present the operation of chiller plant in winter season where heating load at the highest while minimum cooling load available due to computer server rooms baggage handling system and ELV riser. It can be observed that the chiller plant energy consumption in case of without CPM control is the highest for the reference time. By comparing CPM control of HVAC system present the energy reduction up to 101845.5 KWh (12.57%) then without CPM control of chiller plant. Similarly, the energy consumption of the pump(s) also reduces, from 141112.8 KWh to 89856.8 KWh (36.32%). In the graph it can be observed that energy saving in pumps is the greatest and it is due to VFD drive secondary chilled water pumps pumping chilled water to Air handling Units. The monitoring facilities of a CPM system also monitor environmental conditions, plant operational status, and energy consumption. The current CPM system assist operator to log real time data of the building chiller plant operation process and to generate customized reports of alarms, trends, messages, and to log key cooling/heating plant performance indices as shown in figure 6 and 7. 
CONCLUSION
This paper has presented practical implementation of chiller plant management system (CPM) for automation of chiller plant. Due to the implementation of CPM system Significant improvement were achieved as the total energy saving by the Chiller plant for the reference days with CPM control is 101845.5 KWh (12.57%).The CPM system gives real time data that are beneficial for buildings owner facilitation management department providing information such as preventive maintenance requirement, the energy usage, and the generated alarm. The real time data is also crucial for accurate calculation of budget and allow the building's owner and managers to take decision of right time.
